ﬁ?ﬁaéyﬁflﬁli'é } 7‘5?“<§ - __;;;j"‘— e
LT Feek FaR 12 ol

BEST A\Q\ILABLE CoPY

L] =
Y B .
. X e -y
i Mihuuﬂlw it :
o ool et o 1 R B
it e riu )

BEFQE READING THIS Q_chygmr SIGN. AND. DATE BELOW:| = -

- HIS DOCU}‘[ENT i5 PUBLICLY

== AVAILABLE
=

—— z“"ﬁ PR %9 ’3’% SR SPECTAL RE-REVIEW
| vx,,/k/wm_ i ogezs Tae { FINAL DETERMINATION

~Reviewed é://_;?’/f‘? '
"IDate *
Declassification Confirmed
PNL Ciassiffcation Officer,

;-'?-ﬂwrﬁa"*‘ = B WLz digPlo 5722 (P

B2y Mw‘,

SEFT] ]qqg

EWT AUDIT AND e P
TORY UMIT |-




EW-9671 P T

‘ ;'i‘echnloj.og;y'f-ﬂanfésrd' )

|

ﬁiﬁ-F‘f;Tﬁ;u\ Al

Bl

DESPOSAL .

-

; H
doaumautﬁ eaneicks / E

pages. Ho.

'.;_.33——;—00)}“8!- :8-:165.'.&-—»—

P i =

T TR

- j S

- An Interim Re Eo‘ﬁ; ’

f_ Coxiei‘iréé_;the 200 ° eé% Area

oo L omee— = -
H =
4 -=x
e
! i
) o

oo,
RS ET T

o

. [
Date: May 3, 19u8

N

! .
i i
i pv— D

I i -

L . i

Health tment Lo
2 Inﬂ'bl"w_!ltlent J?el_iir - nt_ . _g!g:smulicfu cann\lu_d (Change _t' .
DECLASSIFIED t

By Authocllt;p of . TL05/ Yoo 33

Nl o R WA T

i SPECIAL RE-REVIEW
FINAL DETERMINATION

il i

el

reviewed " GIBLT G

- R = T L -7
W ' "Date - R @ PN A 7/
2 Dec ass?éi)c{g?tion Confirmed s i "“’_'Zzlj.- : C Pr. e

PNL Classification Officer

T}

DECLSSFED =

£




= 7 T
DECLASSFEL = -
| | 1 L
3 : B, s . ! "— il -
“ EW- 9671
, B Technology-—]i‘anford
| L - =
DOCUMENT DISTRIBUTION ,
Internal Distribution ! - - lr : '
1, R. C. Muir - R, 8. Neblett = .
= 2. H. M, Parker - ¢, ¢, Gamertsfelder ;
3,4,5. AEC Office of Hanford!Directed Operations’ - :
Attention: Carleton T. Shugg _ : : .
6., C. N, Gross - W, P, Oyerbeck _ . ; -
7. W. I. Patnode - 700 File _ , -
8. A. B. Greninger - J, Wor_k, _ —
_Ajf. W. K. MacCready ;; - o ‘
memmeedGB), R, 8. Bell _ . B 1 Do
~"12. F. P. Seymour - - = N -
13, &, W. Healy - W. Singlevich - | 0
14, R, E, Brown - H. G, Rlippert - . | i
15. V. R. Chapman | 2 Lot | -
16, 700 File Bxtra __: ) =. : !
_ 7. 700 File Extra G 2 | )
18, 700 File Extrs e = ; 7
19, 300 File i F i )
20. Pink File - . i
21, Yellow File ' A |
External Distribution E e -
— | ; . B
22, A.E.C., Washington D. c., Attn: K, B. Gormsn =
23,2%,25. A.E.C., Washington D. O, z . | —
26 27. General Electric Compal o ' . , ==
Patent Advisor, Washinfgtpn, D, C. ﬁ r —
29,30, 31 ‘ £ = | i P T
32,33, Research Division - Oak Ridge |
| — i | . _ ~
I I ) :
| | .
: ! .
| = | 5
| = | i S
b ! ‘
| | -




!
l

: |
AW-96T71. |

SIERE

Ix

CONTENTS i ! B oo
& E T :
ABSTRACT. « + « v v v o v e deme o o e o v v d oy 7
INTRODIICTION- L N R cl v e 4 L 412 | .~
Previous work. « + « - 3 . : . i S 1 L
OBJECT ¥ ‘-.—' - . 7 ; -O LI i- c; . -i6 ; _ -
EQUIPMENT AND METHons EMPLOYED . T - )
Driiling machines and eq[uipmen“c .- cLe 6
Pergonnel. . . .« . . ; 3_. ¢ o F e e T -
Safety precautions . . ! s . = . e o4 T ;
Drilling plan for each etite . . R - )
Sampling wethods . . R T O -
Sample analysis. . . . ! ‘;; T J .8 - -
Laboratory analysis., . 4 & .~ . F . 9
Semple storage . . ! . T o ' 9
- Compilation and correlahllon of informa tion . - 10 :
PROGRESS. . . - & .+ v v v o d v o &0 L
SUMMARY OF RESULIS. . . . . F .7 z - .12
|

Spread and intensity of con‘bamins.tion
23L Area. . . . . 4 STo oV F L.
361-T Avea. . . . b CEL
OUI-T Area. . . .+l .. LT oo

e 12

.15 : - .‘.l’:;
.16 e

e e a8 m s n _w_a_
- ‘a

! . = ' ﬂﬁ. - !
Total quantity of wastes discharged. .. . .18 .
l S T
- Controls contributing td rémoval o:E‘ ; j fomm e a
radicactive contamination from waste ,
solutionms. . . . . 1T . . o . v ' .18 . L
CONGLUSIONS . . . » « . . . | 7. v ¥ N L
R el s I f . ] -
FUTURE DEVELOPMENT. . . . . § . » R S S
R T
- |
- | B B
) | E e
] - . - R
— | ;- | -
= i ™ a 1 I Fuimy
e | r :
- ' LRI .
BEﬁm&fl i‘i‘-&fig ! i




=1

s

&

é_
g

dl |

F oI

IS T IR
"

@ s EW- 967

" ILLUSTRATIONS | - ' : , B

. Plate 1. Summary end index map of paft of the 200-West Ares ...

3
it
|
1
1

2. 231 Bldg., waste disposal - plan mayp, oross seotion,
L contamination assay section and profile sresmsiriees

3. 231 Bldg. waste disposal - Qross sections.............
| - . - n, &
i~ 2247 Bldg, waste disposal, 1361 T tank ~- crib area.
Plan map and crosgs seotions..,...;..................' .
| | R
5,7 224-T Blé~. waste disposal, |361-T tank == crib area.| '
Persppctlve block di&gram4 and plutonium«

contaminated zone assay and thickness contour map...

6.~ 224-7 Bldg. waste disposal,fQEluTrBldg. wagte disposal,
2nd cycle crib., 241-T cribs and tile field. Plan and
agsay map and cross sectidns.....,.it...}....J;...f.

7. 224-T Bldg. waste disposal, |221-T Bldg. waste disposal
2nd cycle cxib.  2k1-T cribs and tile field area.
CI‘OSS Sectionﬂ..-.---....--..--... .q.ur.l.ll'---:o-

8.° 2o4-T Bldg. waste disposal, |241-T-201 tenk crib area.
Plutonium contamination profile, assay section and :
CTOS5 BECHLON. s varrevrerrdasacconesToosnanardoraens '

\
F

Table 1. - Summary figures, 200-West Area waste disposal units.}.

-

ST

NI

USSR




DECLASSIFEG

|
[
|
!
|
|
|
|

L

IEENETS

ABSTRACT

-

. A review of the past and present methods of undenground digposal of . ' o
G ligquid wastes at the Hanford Works is g'iv’en. - ! ' Ee T

v
| ' F- [

A general picture of the geology of the:,;rg:-ggiqn is presented. with
localized spobs used for waste disgoéa}', being désgri‘bed. inidetail.
The regulta of the progream in the 2004‘?_6 st Ares indicate that the
plutonium and fisslon products in the,'ﬁ?astes ax‘e'_‘_*removed. within a ,
relatively short distance of the cribsj that the plutonium is re- : ST
moved fram solutions clomex to the eribs than the fission products; ' .
that the contamination so removed is 1é,rgely deposited on the

surfaces of the sand grains, fram which it is not readily washed;

and that the contamination is concentrated from the solutions on

the grains. A total of 18,000,000 gallons of waBlte were discharged

into these cribs and a few dry or reveise wolls in the 200-West

Ares up to December 1, 1947.}¢ This wasfe contalrd aboub 3,300 grams '

of plutoniwm and more than 50 curies of fisslon Products, none of |

which 18 known or belleved, to have per: iFated to the water table, from - o
the disposal practices in the EOO-Wes'biAr_;éa. ! = P

T S

o

Results o date indicate that such disposal cen be carried on over
a long period of tims, Obervations over a periocd of several years
are necespary, both in this and other areas, before final conclusiong
can bo made however, Experiments in both the ldboratory and in the °

field are contimuing, which when completed will Zive a much more gcon<
clusive answer to the problem. e . ; :

bt =i i

The descFiption of the methods of drilling, sampling and anelyzing the
information are given. | = - , | L :

S NIty I b

[ ;T F|

v = b e

. = be1s5-HE Lo

s The sbatract on Page 1 of Document -9671, dated May 3, 1948, [ S
entitled "Underground Waste Disposal at Hanford Works" by H

R. B. Brown end H: G. Ruppert is migleading in one respdct. é
- ' e = i : 17

Tt states that 3,300 groms of Plutdnium were discharged to the
grourid in a tobtal of 18,000,000 ga]f,lons of wagte. This figure
of 3,300 grems of Plutonium should 'be regerded from 1-}1;@ point
of view indicated in the lest two paragraphs on Page( 18 Jof the |
sub ject report. D - A k"quwr
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INTRODUCTION

e,

f
1
i
I
|
|
|
1
|

originally, it was planned to contaiz all highly active wastes in

buriod tanks teking all Peasible predautions t inhibit tank fail- ;.

wre and to dispose of the mildly active, so-called Class b, wastes .

by seepage and evaporation on the grdund surface., Dr. R. 8. Stone , :

Dr. S. T, Centril and H. M, Parker very esrly called attention to

the hazerd which might result from the drying up of such seepage
sreas leaving active material on the ground surface from which it
might be widely spread by the wind. It was thén decided to dispose!
of significantly active wastes in reverse or dry wells vhich had
been provided for low level wastes, |These wells varied in depth
from 150 feet to 300 feet. The usefullness of these wells for ;

S

handling large volumes of process wastes was qﬁestionablé due to
plugging of the vells with solids. In additiom, it was realized
that the injection points were,in same ceses, Wwithin 100 feet of
the ground water table and the radiogeotivity of the liquidas was
ten times as concentrated as originaily eatimated, The reverse

wells ate now regarded as a definite mistake aﬁ@_ﬁisposa} into ;v<~m

turied cribs has been subsbtiiuted. | -

- . ‘ . i

These cribs are approximately 12 feet square aud 3-6 feot high and |
consist of & network of 6" x 6" timbers, The Top and sides are :
then wrapped with heavy tar paper bezore burying at depths of 15

to 25 ireet. , , B . é: . ' ;—;

ILehoratory investigation has confirméd'the original hypothesls
that the most dangerous element (Plutonium) was retained by the
soil and has brightened the outlook for similar disposal of more
active wastes. In the 200 Areas the peouliar geological conditions
which support the crib method of disposal are 1) a general depth :
of 250 - 300 feet to the ground water fable, 2) a thick series of .
vnconsolidated river and shollow lakeé Sediments,and, 3) a |
consideorable distance from the point|of disposgl to points of use
of the ground water or river water for donewtic purposes+

_ - l .
Tn late” 1946 a report was prepared to estimate the cost and feasi-
bility of & well drilling program th%t'would develop information
on potential hazards originating from past and present methods of

waste disposal to ground and from thé proposed dlscharge of second '

cycle wastes to the ground, = } ! !

. - -
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Consultive advice was solicited and recelved fram the U. 8. G. S.
prior to the submission of the fonnaﬂ. Project Proposal. ' After
approval of the Project by the A, E./C., a geologist was added
to the staff and the work has proceeded mnder his direction with
consultatory help from the U. S. G. S. ,

The following report is the resuld oi‘ the first phase of the
progran to discover the long range fbasi‘bn.lity of undergrouncl
waste disposal, The report ie lim:xtbd to the 200-West Area
because the drilling program was larvizely completed there except
for a few current and future exparimgnts. Future work in this
and other arsas will be described anfl discussed in 1ater reports,
Tho first phase of the driliing covered by thls report was to
determine what had heappened to the wastes put into the ground,
FPuturs drilling is aimed at discovering the mammer and mgans by
which the wastes are dissg ipa’ced with'in the sedimente.

iy

 r———
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PREVIOUS WO

| S
Published information on the umderground waste disposel of liquids
is very scanty, particularly in regeri to the purification of
industrial westes by underground percolation. Purification of
sewvage, and purification of raw river water for damestic use by
means of underground percolation have been successfully accamplished
1/ , but detailed information on the methods or means by which the
purification was accomplished is not hvailable,f As late as 1947,

0. BE. Meinzer 2/ said: i ' ' '

i

Wl

"A subJoct of groat practical im;!portance is the contémina{tion

T A,

of. ground water with bacterial pbllution and industrial wastes , o

and the capacity of the water-bearing materials to sereen out
or eliminate the bacteris and other objectionable substances,
This is a borderline subject that has not received adequate :
systematic study by either the sanitary engineers or the ground-
water hydrologists and on which &:mrdinatéii’ effort is needed.,

Various methods for attacking these probloms are available, ‘

Recently valuable results have ‘béen'o"b'baingg‘l in studies of

wells that are supplied by water |derived from nearby polluted

stroams, and these installations |provide tHe meams for further |

study", P s '

— . |

Numerous reports have been written on |the charging of the ground
vater system by the use of dems, ditcHes, basing, and shafts and
wells, but few of these reports deal with anything but the quanti-
tative effects on the ground water systom. None were sufficiently
detailed in regard to the manner, the lspeed or the means by which
the water moved from the charging unit to the water table to be
of value to tho waste disposal problem at the Hanford Works. More-
over, the specific problem at the Hanford Works Jde not, primarily,
of the mévement of the waste liquids s but of the behavior of the
radlcactive suspensions and solutlons within the liquids , and of
their action on and within the sediments. The amount of waste liquid

bolng dischorged into the ground is quantitatively unimportent, and . .

can have but little quantitative effecft_ on the ground watefr gystom,
|

* % * i = ! '

- <. | ' i
1. Scheelhaase, Dr.,, Producing Artific#al__ Ground Water at Frankfort, I
Germeny, Eng., News-Record, p. 1Th, ;Ely 31, 1924, :

Riedel, C. M., River Water Used at D8 ~
Supply, Eng. News, vol. 112, pp. 569-570, May 3, 1934.

2, Meinzer, 0.E., Buggestions as to Fubure Research in Ground-Water
Hydrology, Trans. Amer. Geophys. Union, vol. 28, no. 3, ip. 420,

June, 1947, ﬂ ; DECU&S

osden to Inerease Ground-Woter |




DECLAS St

Thus certain fundesmental facts had tb be detexﬁtined, not the least l o
of which was the detailed geologic plcture of the subsurface con-
diltions at the plant sites. Ll : ’

balid

-l Hi; i

- 2 ' [
Provious geologic work in the ares includes four published reports, ‘
of some value to the basic research involved in the gtudy, but none —~ ~ —

of Immediate and direcot value. These reports are as follows:

A

= b -
1. Wering, Gerald A,, Geology z?.nq. water resources of a portlon
of south-central Washingtoni U.S. Geol, Survey Water Supply
Paper 316, 1913. T = | ! i

N akm

i

= | i P - - DAt
I - |
= |
2, Kocher, A.E., and Strahorn, A.‘I‘., Soll eurvey of Benton . R
County, Washington: U. 8. Bureau of Soils, 1919T ' i E e
3. Jenkins, Olaf P,, Underground water supply of tl%;e region i
about White Bluffs and Hanford: State_of Wash,, Dep't. f
of Conservation and Development, Div, of Qeology, Bull. : = . -
26, 1922, R L PR
i - T

4. Culver, H.E., Abstract of tde roport (by Solon Shedd) on L
the geology and resources of;‘ the Pasco and Prossor guad- =~ =~ 77
rangles (Wash,): Washington Depft, of Conservation, Div, °
Geology, Rep't. of Investigations, No. 1, 1926,

None of _the above reports are the raa!uﬂ; of detailed fieid work,
all are general in nature. Two early projoct reports were of .
considerable value in outlining the primary phases of the investigal
tlon to-determine the feasibility of undergrouid waste d;spoeél. )
These are: | = = -

1. Gillson, J.L. {(goologist, E.[.duPont de Nemours and Go.),

~ Underground conditions at Hanford affecting disposal of
industrial wastes: Hanford Works classified report, ; ;
Project 9536, March 10, 19kk, - = R
2. Piper, A.M, (formerly district geologist, Ground Water

division, U.S. Geological Sutvey), Disposal of wastes

from the Honford Engineer Works (Project 9536, Hanford, o

Washington: Hanford Works cTﬂ.a.ssified report, Ap:it'il 10,1944,
These two reports wore used ag a gu:klI in the e’?:plorationf'i-rork', : R
and the recommendations in them were modified, amplified or dis- P - e
carded a8 work progressed and as detailed geologic information S
accumulated, = - | f [ LR

|
| .

o ¢

| ) . ST o s
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Numerous other geologic reports have.been.published on the general
region or on minor features within the regiom, but these reporis
are either sc general in scope or so Lmited in content as to be
valueleoss to the immediate problem of waste disposal.

ObJect . _ P =

Little published information 1s kmown to be available concerning

the disposal of wastes underground, ¢r the mammer or maans by :
which pollution or contemination is removed from liquids percolate- :
ing or seeping through soil or sediments. Therefore a great dsal Lo
of information had to be obtalned, aa outlined in the Introduction,
and which ies summerized helow. -

1. To determine what has happened to radicactive wastes :
already placed in the ground throuvgh reverse (dry) wells,
subsurface cribg, and trenches, '

2. To predict, on the basis of|information obtained from _
- Object 1, where the plutonimm and fission products wastes |
will go that have already béen discharged undergroung,
and whers any similar wastes willl go that may be dis-
charged into the ground in the future, in the 231 area,
the 241-T area and the 361-T avea,

3. To determine if higher activity wastos than have been
discharged underground cen be safely disposad of in a

gimilar manner, 1 i ég-—f-

L, To determine if underground wasbte dlsposal is feasible
over o long period of time, particularly in the areas ;
under discussion. f e . |-

5. To coampars the relative effjciency of absorption of re-
verse {dry) wells, subaurfa?e cribe and trenches.

6. To obtailn all the geologic information posaible,
coincident with the drilling, so that as much might be
Inown ag possible about this not too-well studied area.

f
EQUIPMENT AND METHODS BMPIOYED

- 1
=l = | vy o——

Drilling Machines and Egquipment

! S - L
i

Seven No. 70 Speed Ster atandard persussion well—drilling machines;
with the nscessary operating tools were obtained Each.machine -
Inciuded a foldinz mast or derrick, a two-line hoist, one line for

operating the drilling tools and the%other for. operating the bail&r,

o F

J,E““"
Eumlm

DECLASSER: | |
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an o

a spudder for ralsing and dropping t}lle tools, and an engine f'or
power., Drilling consisted of alterndtoly raising and drdpping a
heavy blt and drill stem to bresk the rock and loosen the matérial |

in the well., This loosened and brokdn rock, known ag "drill cuttinge" ’

wags then removed fran the well with g stendard dart hailer. A1l
wells were cascd, because practice sHowed that the unooneolidated.
gedimenta und.er:lying the Hanford Works ares would nob stand. 1ong
without support., Standard 8-inch caeing was ueed and was ériven
down the well as drilling progressed, by means of drive clempe

fastened to the drill stem, o = o ;

| |

The meximum number of drilling machides in operation at any one

time was six; the seventh rig was keyt in standby condition,

Personnsl ! i
| |

An operating crew of 16 mon was required for ’t.he me.:dmum of gix

leli

 Pagélz [

operating drilling rigs; a driller ami helper for each mgchine, 'bwog
men to assist in moving the equipment and hauling supplies, a clerk,

and an operating supervisor. The Health Instrument sampling crew

consisted of one man for every two dyilling rigs. Health Inetrumen%
supervision consieted of a superviscr and an engineer-geologist whose
duty was to compile and correlate the infomation from the drilling

logs, the somplen, and the sample anglyses.

— | i

|

4

Safety Precautions

e gl -

Herd hats, leathor gloves, and safety glasses ‘Wére worn at all timeI

during drilling. Special covernlls and rubbers were a2lso worn in

areas where a possibility existed of striking r&dio&ctive contamlna;-

tion in drilling. , = [ i

Sludge bPoxes were also designed and hullt into. which the drill cuttinge
and water were emptied from the bailer., The bailings were then water-

Jetted into a swump, 50 to 150 feet away. This procedure prevented

the sproad of radicactive contaminatiion during drilling :ln contaminated. '
zones, and also kept the drilling area clean and frose from mud. it- )

self & safety hazerd. _ =

1 3T

The shoes and gloves of the opera’cin@ ocrew were checked periodically
with monitoring instruments, and the drill bit was carefully survayed

sach time 1t was removed from the well, Similarly, the drill cuttl
wore checked with portable instrumenils before samples were taken., A

’ﬁ‘s

outer surfaces of the equipment wers ;surveyed for radicaative con- i, B
temination on completion of drilling 'in one aréa, and the open ends!
of* the sludge dlsposal pipe and the bailere were wrapped in paper. :

ri L2

|
i
I
|
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Drilling Plan for Bach Site

A number of factors were considered in the planning of the drilliing
Program at each wite, The type of disposal unlt, the location_of
underground pipe lines, and an egtimgte of the activity and the -
amount of solution discharged into the waste disposal unit were all:

oconaidered, Three wells were +then 1dcatet1 about the waste disposal: -
unit, equidistant from the unit and 120° apart, These Initial wells

were drilled fo depths of 150 feet. Additional wells, located on !

the basis of information obtained fro?n the first three wells, were °

then drilled to more acowrately delimit the zome of radicactive : o
contemlnation. These wells were genepally drilled to a depth of ; R
ten feet below the zone of contemination. Ome Well in each general’ :
area wes also drilled into the zone of ground water, to obtain in- . .
formation on the type of sediments unierlying the aree to the water

table, to permit sempling of the water for radicactive conbanmination

and to chtain inforwation about tae ghound water system., The Pattern

of drilling was governed by the consultative guldance of the G;round;
Water division of the U, S, Geologlical Swrvey, Portland Office, .

[ o

|
' - : ' | S

Sempling Methods b e

Two one pint samples {original and duﬁ)licate) were taken at five~
foot intervals from every well drilled. Similsr ssmples were taken |
at one~foot intervals where comtemination was suspected or known to -
sxist.” When the well was drilled to sampling dgpth, the bit was .
raiged and held above the casing so that the wader on the bit drained o
back into the well, The bit was carefully surveyed for contamination o
and then moved out of the way, and a bailer of drill cuttings cbtained

frem the well, Two one-pint samples were taken fram this material
and placed in standard wide-mouthed glass, ointment-type Jars, with To-
screwtyps lids. Part of one of the ssmples was then analyzed accords ' -
ing to the field procedure outlined below. Labels were attached %o 5
the Jars with the well nmumber, depth of sample, date and time of
sampling, and initlals of person sampling. The well was cavrefully °
bailed dry, following sempling, if contamination was either suspected
or known to exist, in order to prevent contamination of the samples
lower in the well. o N - i

| =
. < e
Fleld check: The field analysis was uped to detect contamination in-
anounts requiring safety practices abo[lvré'and. beyond the standard pre-
cautions in use in ordinary danger zon}es_;and. as & rough check on the .
laboratory analyses. The levels of radloactivity used in ‘the study
of .the contaminated zones were all o'bt#iried. from careful boratory
analyesg, l = T -

Semple Analysis

[ | m]'.

|
; ! faoee s
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The following equipment was used in the field analysis of the s&mplias' .

1. Geiger-Muller tube ﬂ Pan balance (0.1 gram eensit;lvity)
© 2, Standard alpha counter 5. Stainless steel plates (1-5--1nch
3. Infra-red ray lamp ' dlameter) . : S

6, Forceps and spatula

The procedurse oubtlined below wag followed. in the field a.n&lysis of ﬁ _ .
the samples: ' B = | ; 5 Coe W=
1, Stainless steel plate was wslighed. _ |
2. One to five grams of drill quttings were placed on the .
plate and thoroughly dried under the infra-ved ray lamp i -
3. A one-gram sample of the drill cuttings (dried) was . R
gelected, and the weight redorded. o
4.= The aample was counted In the standard slpha counter for
one minute, and the result recdrded in disintegrations ,
per minute per gram. | = {
5.~ Sample was counted on the Geiger-—Muller tube for cne minute
and the beta-gamma count recorded as counts per minute
- por granm at reproducible geqmetry.
Driiling proceeded if the field chec]s} indica.ted less than 100 : o
mlcrocuries of fisslon products per kilogrem of sample and leas than =~ ‘
100 micrograms of plutonium per kilogram of safple. Driliing was | RS
stopped until additional safety precautions we:re taken if either | :
analysis exceeded the above figures. | | ! te

o Wi

Laboratory Analysis . ! .

F I‘IP'Q

A more sensitive and eccurate analysis of the radiocactivity of the °
drill cubtings was made in a chemical| laboratory., This analysis .
was gimilar to that of the fisld chac}c except thal the seumples

were counted using a mica-window tube on the beta-gsmme counter.

This type of instrument has a geometry of approximately 13 percent,
ingtead of the one percent of the instrument uged in the field check.
The plutonium analyeis was made by chpmically gxtracting the plutonium
from a 10-gram sample of drill cuttings and counting the xesulting L
concentrate in a standard alpha coumtkr. . . L

|
S |
} -

All pemples were taken froam the laberatory and fTield to a central |
storage building, The sample Jars weye cleaned, relabeled, and the. o
labels protected with clear lacquer. |The Jars were then stored on S
shelves 'so deslgned that all samples are easily’ accessible and visi'ble.'
Samples contaminated with flssion products were marksd wi'bh a strip:
of blue Scotch tape; those with plutonium contamination were ma:cked

with a strip of red,

foag

Ssmple Storage
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Some trouble was experienced in the sftorage of the samples, in
that those samples containing clay or silt developed considerable .
growths of several kinds of algae. This could have been prevented | e
by drying the samples at the time they were taken, but such a
practice would have been hazardous in!view of the plutonium and | _
fisgion producte contemination present in some of the samples, T
Accordingly, all samples were stored vwet, Those samples that de« ! e
veloped algal growths, and which laboratory analysls indicated as -
free from radicactive contamination, were air dried, in which the
Jars were opened on the storage shelves., Care was taken that alr
ciwrrents did not materially disturb and carry away the alga.e ag it
dried. :

(1S

Compilation and Correlation of Information

The method of defining the limits of c¢ontamination around the waste .
disposal units followe closely the method used in defining the ore @ . .
bodies in mining areas, and in the campilation and correlation of | e
information about them. Each sample was carefully examined megascop- .
ically, described with all date that might be pertinent, and plotbed

on a8 graphlec log., The gealogic log wars then compared 'i:o the d.rilling .

log and additional pertinent information added., Stratigraphic and , o
lithologic correlations were made between wells, after which numerous, ' '
accurate geologlic crose sections were |c1ra.wn through the crib areas, .
The contaminatlion was then plotted as [to type, location, and in- i o
tensity in each well, so that an accurate correlation could be —
made hetween the ‘Lype and attitude of rbhe pediment end the extent C e
end intensity of the plutonium and fidsion products conteminmation. = = . -
Aspay sectlons, plane, and comtemination intensity curves were also . BRI
constructed, and contamination contours {isodeoses) were located and
dravm, (sce plates 2, 5, 6, 8.) fThe decvease in intenalty of con~
tamination both downward and. outward from the cribs was thus determiped o
and the probable limits of contaminatilon determined by pro.jection of ! ' .
the curves of intensity correlated wi’;t the shape of the con‘bamination

zone. Holes drilled on the basis of such projection in the 361-T

area demohstrated the applicability off the method for both the plu- -
tonium and fission products contamination, and showed that both the
thickness end intensity of the contamination can be roughly predioted,
However, the contaminatlon pilcture is bvicusly correct only a.t the

time of drilling, and migretion of the contemination is not only :
possible but probable, even though no tdditional wagtes ma,,y be Jetted
into the crib. Such migration is believed to be small in amount, T
but careful observation for at least al ysar, inaddition to numerous T
laboratory experiments, may be neceasai‘y ‘to determine how well
Tixed the contamination is and how much migration may be e:@ected

in the futurs,
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Drilling in the 200-West Area began with the 231 Area., 'I.‘he first ,
well was started March 25, 1947, On Octobher 2k, 1947 the last well:
in the 241-T Area was campleted, thud ccmple‘bing the planned program
in the 200-West Area. During this period a total of 47 wells vere.
drilled; as followss ;

il

Ares Wells Total Depth No.Samples
; in Feob :
! T !
231 | = S
No. 1 orib 8 | = 1291 . 270
Well 231-W-150 3 o 525 . 230
: l. .
231 Total | 1826 i 480
I | :
361-T 13 1495 | 656
2417 , ; | ‘ ..
22T (201 tank = | S U
_ erib) 8 | - 1055 zgs
2nd oycle crib L b 2095 2
‘JI% ; ' 1 200%

In addition, three wells, sach 150 fobt ‘deep, were drilied ,a.d.jacent
to the 231 waste disposal trenches, These wells, although not on

proJects C-120 or (-133, added to the! information obtained from thoge

yrojects, and demonstrated that contahination to date was not spread—
ing north of the trenches toward the 21+l TX tank farm, :
|
Standard operating procedure had to "bé revised only once, in well
361-T-6,~ Both the fission product and plutonium combemination ex- ;
coeded the safe ovperating limits of 100 microcuries yer kilogram of .
gediment end 100 micrograms per kilogram of sediment respéctively,
so that a revised method of sample taking became necessary. The bit
and baller, when withdrawn from the wéll were held over the casing
and allowed to drain back into the well during the time necessary to
survey them for contemination. Then, when either was movad avay frogn
the casing, a bucket was held beneath nthem to catch any w&‘ber tha.t
might drip and that might be contaminatad Much greater care was
also exercised in the taking of the samples. Individual cardboard
funnels were used with each sample tol!fill the Jars and were then
discarded in a contaminated waste carton. The well was ca:refully
balled dry between sampling and d::-illi,ng , in order to prevent the
dowrward, spread of contamination during drilling. The water level
in the well during drilling was also n#aint&ined at a depth of 5
or 6 feet, instead of 10 or more, 80 t'Ihat the bailer would £ill only

L |
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ghout half full of water dwring baili s operations. Splashing of _

conteminated water from the top of the|baller was thereby eliminated.
: ¥ _ . .

L

by

The bit and bailer used in well 361-T-6 were found to be highly com- .3
raminatod during end as the result of drilling in the highly eon~ '
teminated zone, but during the driliing into the less contaminated o
sadiments the contamination was worn off, o contemination was de~ .
tected on either bit or bailer by the uee of gtandard instruments _
by the time the well was completed. - | - S
The operating procedures outlined asbove and in the preceding sections

proved adequate and satlsfectory in nearly all vrespects, The program

yas completed with no significant radiation exposure to personnel, and
with no detectable spread of contamination. - ’ . S

!'ﬁ\

SUMMARY OF RESUITS

Spread and. Intensity of Contamination |

The vesults of the wse of the wasbte disposal units are summarized
on the accompanying plates end in Table 1. The plutoniwm was generally
sorbed (absorbed sndfor adsorbed) by the sediments and removed from e
the solutions within & short distance of the crib, in contrast to ‘the ‘
fission productd, and in no came was found at a depth greater then -
34 feot below the bobttam of the orib, i Ite lateral movement vas also
less than that of the fiseion products in any one ares drilled, and -
was generally moras predictable and regular in extent. Thig greater .
jrregularity in the fission produocts gontenination is probably due atb
least in pert to the lerge number of dloactive elements pregsent In
the fission products waste liquids. Same of thé radicactive elements
are undoubtedly removed frem the solubicns and guspensions with the
plutonium, but others probably remain/in soiution for a miich longer
time and are vemoved fram the liguids only at gFeater depth and .
distance from the crib, owlng to reas:%ng as yot only partly wnder- ___
gtood. TLaboratory determinations arelbeing made of the specific :

fisaion products present ab different|dopths Iin the 361-T area _
contamination zone to confirm this idoa, 1f such a natural geparation

is olearly confirmed end defined, the| extent of the zone of fisslon’

products ground contamination can be 1imited in fubure wakte disposgl

areas by plant separation and removall of those fission products re- ‘
meining in solution for the longest time end migrating the greatest
distance from the waste disposal unit, Thus, areas believed to be
not sulteble for underground waste disposal oould concelvably be
made suitable by chenging the character of the waste solutions.,

i B o= -
=- 1 - : _
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The results of the doposition of the gontmninat;on are summarized o
as follows: i o ‘ ; R

I

| B
Area Pilutonitmn contamination “Fisgion products contem-
‘ -ination 1 .
Depth Bolow Tateral Beptn Below Tateral
Crib Spread Crib Spread B
231 32 feet 103 feet None present t L
361-T 20 feet 45 reet” 107 feet 95 feet
2411 3k feet 197 feet 28 feet | 280 feet L
(224-T or .. i AR

o B |

3

201-tank orib)

This more restriclhed movement of the ﬁluﬁonium is extremeiy significént, _
for it strongly suggests that the plutonium will be removed fram the: ol
waste solutions well above the water tdble. The fission products, - .
although they may migrate to the water table in scame instances, create
& far less serious problem, for not only are they less dangerous, bub
because Scme of them have relatively short half lives, the total acte
ivity of the fission products in the ground vater will be greatly re-
duced by the time the ground water has moved to areas where it may be -
used by living organims, E e : ‘ : b o e

Table I indicates in a general way the effestiveness of the gediments

in removing contamination from the waske solutions and suspensions,

The total amount of plutonium and figsion products in the ground was
calculated, ueing the sample assays, plan maps, oross sectlons, con~ -
tamination curves and contamination contour (isodose) maps and secticns.

The method used was identical to that 1is8d in the determinhtion of the

grede end volume of an ore body in a mine, In Teble I, the amount of
radicactive material discharged into the crib or other unit as caloulated
from the assays and maps and sections 1s referred to as the "calculated"
radiosctivity. The smount of radioactivity discharged, on. the basis of

tank enalysis and smount of liguid Jetted, 1s referred to as the ; ,
"recorded! radicactivity, fuﬁ & - { I B —

. - | i i
A few facts are woll demonstrated by tﬂe;?able I. The emoynts of plu-
tonium and fission products in the ground, as caloulated fyom the essays,
plan maps, sections, and contamination|contour maps were génerally "
considerably below the amounts recordei ag dlscharged into.the units, The
contemination zonea were believed to bd well delimiated in every case,
8t least %o a degree well within the difference in the celéulated and
recorded amounts of plutonium and Fission products within the ground,’
An analysis of the apperent reasons for the disorspancies is of interést.
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TABIE I
Summary Figures, 200-West Area Wasbe Disposal Units December 1, 1947
Uit Size Total Volume Rate in Recorded radio- Celoulated  Calc./recorded  In Use
Waste in Gals, gal/min. activity (Amts, Radicactivity  Radloactivity
Approx, }
231-W-150 6", 150* deep 260,000 20 100 g, Pu Nome found at = co-we- No,sealed
{reverse well) 15 £t. radius with sludge
231-¥W #1 and 2 .
eribs . 1232 xh® 7,100,000 100 3000 g. Pu 0.5 g. Pu 1/6000 No, sealed
y (See page 15) with sludgew
2 031.W trench 1501 x5 x2! 2,500,000 100 10 g. Pu  lNome found at  -wwes Yos
60-F%. distance
. Bmol-Tflee 127x2'xh! 1,200,000 100 20 g PU- TGPl e - RO - e -
[ orihs (20T L h + 3 Co PP 2 oo FuPy 2/3 . ..Yes °
+ Tank Cribs) ' f 1 oo 3mn8E % e o b B '
ey %hl T 43 erip qx]_g b 599 106, . | | L T
. A P 1w 4 P00 vy s . 100 4w 2. Pu y Fone|founddn: & b mi Lo A R8I yag waiti
&2 ' (2nd cycle) F s | 7 3o, F.P.#1 Well 20 £5.  _____ ' on ;&s;mgng
f;: beneath crib sampler
&3 |
_ R ol pe36l A 206" deep 3,000,000_ 100 1008+ Pl avem mot - - - _____ - - - -
g {reverse wellj 25 +¢,F.P, drilled = .. Yo, sludgs in
361-T #1 & 2 12¢x12'xt 2 300,000 100 3 150.8. Pu_ 25 g, Pu 1/6 Yes = £
Cribﬁ - m——— G, F P 21_ .G,' F P T e i manman n _.ﬁ wo v e (D__
T oy T T T 18,600,000 gallons 3400 grems Plutonium . C | R
x SRR 16,000,000 g 3 50 gﬁries fission products o - g E
o ._ | G
f ‘ L ey
Y h' i B | | [ B i |; S -
-;‘\: " ; HE‘ . N E ‘ . i
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No plutonium was found in any of the samples from the three welle ifilled '

in the 231-W-150 reverse well area.  These three wells were drilled to
dspths of 175 feet, 25 feet below thk‘ﬁbttam of the wveverse well, and
only 15 feet frcm the reverse well. | Contamination may have channelled
out laterally from the well and not been,deteoted by any of the thres
tost wolls, but the rate of dischergp (20 gallons/minute) was so ldw _
that all the ligquid could have moved!dbwnward;gnd never reached the area
drilled. Moreover, the relatively small amount of waste liquide dis-
charged into the well (260,000 gallons) before the well was gealed '
suggests that contamination may be confined within the 30-foot diameter
circle formed by the three wells. Other waste disposal units which
have abmorbed far greater amounts of |wamtes than the 231¢W~150 welk have
created zones of plutonium contamination of far smaller diameter for the
quantlty of wastes disoharged than the 30-foot diameter gircle around
the 231-W-150 well. Thus, on the basis of comparigon with other units,
the contaminated zone at 231-W-150 lies within the 3 wells drilled,! and’
need not go to considerable depth. The well etratified Ringold (?)
formation into which the reverse well penetrates should certainly cause
the waste solutions to spread laterally rather than vertically. The
clay and silt bed which here forms the topmost Member of the formation
undoubtedly retarded the movement of the solutions and probably sorbed
much of ‘the contamination. The clay and silt probably aided in sealing
the well, by being washed into the cgeing during discharge of the wastes
into the well. ? - = { ' P
| .

L% should be noted here that Table T [indicates that %he‘ﬁotallquantity
of Plutonium discharged from the 231 Bullding to the 231 #1 Ciid wad
approximately 3000 grams. This figure is in agtuality probebly high by
a factor of 10 to 50, The reason for the existence of the apparent disw
crepancy is that the minimum concentration of plutonium in the wasté
solutions reported by the process control laboratory during the period
thet the #1 Crib was used was 0.1 mg/liter. i . :
| ] H _
The SOOQ gram figure was obtained by assuming that all wésﬁes{repor%éd
as containing not more than 0.1 mg/1iter actually did contain as mubk ag
0,1 mg/iitexr. Subsequent analyses on process Wagtes indlicate that the
averagfsplutonium content in these discharged wastes was'actually bétWeen
2 x 1073 mg/liter and 10-2 mg/liter. Because the 3000 gram, figurs was
used, the ratio of the caleulated activity and the recorded activity is
1/6000, whereas the wveal ratlo may easily be as good as 1/200 P
| |

[

I ¥ N |
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Only about half a gram of plutonium was| agcounted for in the 231 No. 1
orib area, although nearly 3,000 gramb Were discharged from the 231
Buillding. The drdilling progrem ig bell ved to have thoroughly delimited
the contaminated zone both laterally and vertically; therefors the re~
mainder of the plutonium must be either!in or directly beneath the crib
in an area untouched by drilling. Inashuch as the orid was atandoned -
because it wag sealed with sludge, thesé conclusions are probably correct,
No contemination was noted in the threejwells drilled adJjacent to the |
rregent cribs (trenches), although the distance of 60 feet ls apparently
too great for the contamination to have migrated ln the 1O-month period
that the crib was in use prior to the d»illing. Moreover, the contamipation,
as suggested by the 2L1.T area, the 361.T area, and the 231 No. 1 orid area,
probably moved to the south, southeast dr east, away from these three wells o
(241.1X group). \ = : . N

:-

361-T Area |- - . T e
The 361-T area zone of contamination isisimilar Iin many respects to th;t . ;7 ,;7
of the 231 area. A more detailed program of drilling adjacent to the SR o

orib resulted In a more detailed picture of the zones of contemination
and in a clearer picture of the gross controls aspparently governing the
removal of the radicactive elements fraj the wagte solutions. The ;
caloulated amounts of plutonium and fission products also more nearly . "
approached the recorded amounts dischargod into the crib, This is o e
partly due “to the closer drilling pattorn and conggguently more accurabe
determination of the amounts of contemination present, but probably also
to the fact that the crid is atill in uge and is not sealed with radio-
actlve sludge, ' i = . o

|4

_— ] - poo-
The 241-T-361 A reverse weoll area wag no% drilled, Well 241.T.361, drilled
to a depth of 287 feet, struck water at b depth of 285 feet and was there-
fore never used for a waste disposal uniﬁ.f'we1l 2h1.7.361 A was then
drilled 27 .feet away to a depth of 206.5i Teet and yas used for wasto
disposal as indicated on the accompanying table, The immediate area was
not drilied because of the considerable flepth to the zone of contamination,
the fact that nearly 80 feet of Ringold {?) sediments lies between the , . -
bottam of well 241-P-361 A and the water|tsble, the fact that plutonium
migrated downward only 20 feet in the 361-T tank erib area and should do
likewise in the 241-T-361 A area, and the fact that water semples from -
well 241.T<361 should indicate whether or not the ground vater hes been

contaminated. To date no samples have béen taken from this well.

"

241.7 Arem .

o

=

1

The 241-T area (201-T tank crib) contamination zoﬁg is charagterized byi‘
a large lateral, but small vertical, extent as shqu on the oontaminatipn
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diggrams. The calculated radioactivit rather closely approached the
recorded radiocactivity for both plutonlum and figsion products, which:
together with the large latsral spread for a rather small amount of |
waste solution (1,200,000 gallens) as contrasted to the 7,000,000 i
gallons discharged into the 231 oxid 1ndicates that little plutonium o
and fission products are concentrated ih &nd beneath the crib. § o=

The large lateral but small vertical ex%ent of tha contamination contrasts

stritingly with the extent of the contamination in the other areas
drilled. No clay beds or zones were noted at or close beneath the zons
of contamination, neither was any change in the grain size or in the ;
degree of sorting noted that should change the permeability of the .
sedimente. Thus the reason for the spread appears to be dug to other

factors. - S == | i I

| - |
Careful examination of the Arilling logs of the 224 T and the 241-T
wella discloses that in almost every case where the records were oomplete,

the wells lost water during drilling to a depth at which the contamination ,

appeared. Froam that depth downward to the bottom of the wells, the |
water remained in the wells, Wells outpide the contaminated zoneg be-
haved similarly at corresponding depths. “Thus the sodiments at that |
dopth had a permeablility less than that of the sediments ovarlying tham,
yet no significant change was noted in ths samples. ,
A comparisgon between the 231, 241.T an& 361-T areas deVelops several
facts of significance. (see plate 1) 'The direction of contemination:
apread in all three locations is between south and west, The upper .
surface of the olay bed, Indlcated as the uppermost hed of ‘the Ringold

(?) formation, strikes about N. 31° W, and. dips about 1° &W, as caloulated
from the depths to the bed in all three areas drilled, This attitude is
corroborated by & fourth point, a refraction selsmic line shot by the’

U. 8. Army Corps of Engineers, which indicated Ringold sediments at an
altitude of 516 feet, at a point at N, 34,400 and W. 62,300, This is.
further corroborated by Durand Well 13/25 33 Il, looation about N. 48,800
and W. 95,000, which reputedly sncounte: Fsd Ringola sediments at an :
altitude of 71h feet, If we calculate the altitude of the formation _
Prom the seimmic line informetion, the Durand well, and from the 241-T,
361-T and 231 area wells, we obtain a strike of N, 65° E, jnd a dip of 1°
SR, l & _ ; .;‘, .
The elevation of the water table in alﬂ three areas drille& discloses

that its gredient is about 1 foot in 100 feet in a direction S. 54° E,
This gradient is considerably greater tman that in the 200-FEast area,

vhere it approximates 1 foot in 1,000 fiset. This is due to three faoﬁors° -

(1) +the ground water in the 200-West area is entirely in the Ringold (?)
formation, whose sedimente are of Loven permesbillty than the sediments
of the recent alluvium. Thus a steeper water table gradient may be ex-

pected, (2) The 200-West area is neax] the Rattlesnske and Yakima Ranges,
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which supply consilderable ground water to the area. Thus Lhe water
table gradient will steepen in that direction. (3) Up to 2,000 ;
gallons a minute {},000,000 to 1,500,000 gallons per day) of effluent
and sanitery (non-radioactive) water are discharged on the ground and
allowed to percolate into the sedimenth only a short distance north of .
the 241-7 area. (see plate 1), This 1% the equivalent of about 4 .
acre feet of water per day, which, if vwe assume the average porosity
of the sediments is 20 pervent, will paturate ore acre of sand and
gravel to a depth of 20 feet, and will ralse the water table by an -
amount determined by the rate at whichsthe water can move downward to
the water taeble and outward from the dischargs area. This local raising
of the water table is suggested by Durand well 13/25 33D1, which re—i ’
putedly sncountered water at an altitude of 410 feet, lower then that of
the water table in well 224-T.h of hholfeet. . :

The diresction of dip of the Ringold formation and the direoticn of

gpread of the oontamination thus indicate that any water added to the
sediments above the water table will mbve southward as it moves down-
ward. Thus, the effluent and sanitary! water poured on the ground nomth
of the 241-T area probably moves largely to the south, down the dlp of
the upper surface of the Ringold (?) f#rmation befors 1t penatrates go 7
the water table, If the water remainslabove the clay bed, it wlll pass
beneath the 241-T area and either satubate or thoroughly mpisten the ’ '
gsediments, in either case forming a wotted zone that would tend to -

support the liquids penetrating downwepd from the 201-tank corib., Thus

the contemination would be confined to|a narrow Fertical zone at or |
near the top of the wetted zons, but would be spread 1aterally for same
dlstance.

' 1 l
' ' :

Total Quantlty of Wastes Discharged g o = y ; éjﬁi; ;ftf

A total of nearly 18,000,000 gellons of radicactive waste pas thus baen

discharged into the sediments underlying the 200-West area, up to Decamber ’

1, 1947. This waste contained a recorded amount of about 3,400 gramg of
plutonium and. 50 curies of fission products, none of which is known or
belleved o have penetrated to the water table. Thus the monetary saving
of this method of waste disposal over bthat of tank storage is considerable.
Moreover, barring unforsesn conditiona5 the contamination is safely bound
with the sediments in a state where 1tican cause l1ittle danger in the
future, - i T ! : i. e

Controls Contributing to Removal of Ra&ioactive Contamination from Waate
Solutions ! 3 = ! 5 R

A nuber of factors are of significance in removing radio&ctive contmm»

ination from the waste solutions, TheIgroas controls are WEll demonstratad'

on the cross gections accompanying this report, The permeability of ‘the
sediments is of paremount importance ih dbtaining a flow of liguid avay
from the weste disposal unit, but high,permeability is itself detrimantal

nsssﬂﬂs o
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to the confinement of the ractioaotivitq‘r. The ideal conditioms are . .
apparently a series of flabt, or nearly|flat-lying sediments of varying )
permeability, so that the waste solutitms, albthough moving downward,
are also spread laterally., The zoned of contaminmtion are thus easier
to explore by drilling, end a more positive check is had of the extent
and intensity of the contamination, and of its movement. :

| L i :
The 200-West area is quite ideal for uﬂdqygrounQ?Wgage_diapoaal. The
vacent alluviun is genorally well strabified, and coneists of alternating
layers of sand apd gravel of varying pormeability. Beneath the alluvivm
is the Ringold (2) formation at a depth of mbout 110 feet, topped by -
a ‘bed of pale buff~colored, nearly impénmeable,'fine-grained sand, silt i
and clay, from 20 to 50 feet thick. This partioular clay bed was re- .
cognized beneath the 231 area, the 361LT area, end the 241-T area and
is presumably continuous throughout the entire 200-West area. It : oI
therefore creates the optimum conditions for localization of the con- -

tamination above the water table. |

k

I

Probably also important is the belief that the waste ligquids must not T
move too rapidly, although what speed this is is not kmown, The best = o
results to date have been cbtained with fine - to medium-grained sands ]
(fram 1/8 to 1/2 mm, in diemeter), although results are far from com-
clusive as yet, Sands of this grain size, if clean, are quite permegble,
yet the pore spaces are small enough sp that the waste ligquids, and the
radiocactive products, are conatantly close to the purfaces of the sand
grains, - ' . | :

A sample of the highly conteminated sand fraw the 22-foot level of wall
361-T-6 was size sorted into Five size: fractions, in order to test the
change in smount of contamination with change in grain gize, The sizes
geparated were as follows! Lo = o P

1. Passed by 32 mesh Lo _ : Sot- L
2, Pasged by 32 mesh, retained by 100 mesh ' .
3. Passed by 100 mesh, retained by 150 mesh T
4, Passed by 150 mesh, but can be cgnirifuged =
5. Cannot be centrifuged | = ! : b B

Analyses were made of all asilze fractiohs for both plutoniu@ and fission
products., The results clearly demonstrated that the smount of contan-
ination was directly dependent on the purface area of the grains, and
therefore. on the size of the grains. The fission products, at least,

to & certain extent, undoubtedly also pnter into the crystal structure

of the clay minerals. The test described above was, however, far too
incamplete to detect any increase in the radicactivity of the clays
above the theoretical figure based on surface depositlon ohly. Thera-
fore, the smaller the grain size, the grsater will be the total surface
ares exposed to the solutions, and theimora effettive will be the re-

moval of the contamination. | = I ! |-

“E’%\b%'ém o | TS




USSR L,

m HW- 6671 ! oo 71'_':

The contamination is apparently well flixed on the surfaces of the sand
and is not easily removed by ordinary water. A soll column test was;
made to test this possibility, in whicb redioactive solutions, containing
approximately the radicactivity of the waste solutlons, weyre rassed , i
through a column of sample material, The radioactiv1ty was removed fram
the solution by the material, and whenvpure water was poured through the
column the amomnt of contamination rembved was negligible. .

Higher activity wastes can appavently be safely discharged'into the ground.,
A Tew flgures can be cited, showing th§ relative concentrating effect by )
the sand on the radiocactive contamination. ! O

361-T tank analysis | . Sample analyszs, ‘well 36i- ﬁ-
’ " depth 22 feetl

I
Alphe 8,7 x 10~Tlcuries Pu/liter I
Beta =2.5 x 107 curies/ liter i
Gamme, 6.1 x 10-8curies/ liter |

560 microgama Pu/ kilogram
100 microcuries/ kilogram

If we assume that the contamination is!removed from the soiution and. | o
deposited on the sand grains purely asis surface-phenomenon, then three L
liters of sand, with an average porosity of 30 - 35 percent (average ... ~ ...
for this type of sand) will be able to!contain obe liter of water. The _ ]
specific gravity of the sand is about 2.9, so that thres kilograms of ]
sand will be contained in one 1lter of|sahd.  Therefors § kilograms of sand .
will be able to contain the one liter of water. 'The concentration factor

is thus as follows: * ) ) ’

s

560 micrograms Pu/ kg.= 5040 microgrims Pu/ 9 kg.r 315ix 10-6 curass Pu
100 microcuries FP/kg.= 900 microcuries FB/ 9 kg.= 900:x 10-6 curies re, |

And:315 £.10-6 1 8.7 x 10-7 = 362 : 1 = . - !

Therefore. the highest contemination of the send encountered in the 36} T S
area represents a concentration of 362|: 1 over the contam nation of the o
original solution, for plutonium, — < 2 i :

Similaxriy: %ﬁ

900 1076 : 25,61 x 107 = 351 : 1 (bota pifls gamma) : :

The highest concentration of FTlgsion pfoducts in the sand ﬁram the 361-T
aree is therefore 351: 1 over the cont nation of the original solution.

By similar means, the concentration inlthe 224.T {201-T tank) crib arLa

was determined to be 10:1 for plutonium, ‘and 1k:1 for the fisszon products
(beta plus gamma). For the 231 area, the concentraticn faqtor was negative,
that is the plubonium in the highest Eﬁnﬁaminatsd sample encountered vas

1/10 the concentration of the plutonium in the original waste solutioh.
[ [ :
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The above calowlalions are extremsly Qough The_conoentratiop is 7
apparently dependent on the surface arka exposed to the solutions, and

therefore on the grain size, whereas ﬂhe above oalculations gre based

on a volume relationship between the contamination in the waste llquid

and the volume of sand necessary to contain that amount of waste 1iquid

The concentration factor in the 361-T aréh cleafly indlcates “that high- )
er activity wastes can be discharged Into the ground under the right _ _;u;
conditions, Many laboratory experiments must be made, however, before’ Lo
definite conclusions can be reached as to the degree of higher activity 4
that can be discharged into the_groun&, or the rate at which such dis-
charge can be made, = E _ - i- o e

Undergroind waste disposal in the 200-West area has been successful to
date. Indications are that it will be.feasible for a considerasble period
of ‘time because not only is the contampnation removed and concentrated
from the waste sclutions, thereby removing the necesaity for gtoring

the water, but because the waste is cohcehtrated in areas where it can
be periodically checked and observed, ;0n1y obgervations over & pericd

of several years can positively determiine the effectivenosp of under-
ground wasbe disposal., Present conciipions gtrongly recommend further
investigation into the possibility and! feasibility of underground wagte
disposal in this and other areas, and the means for further improving

the present system of disposal. Many laboratory_tests Wil& have to he ) L
made to determine the degree of fixatibn of the radioactive materials

on the different types of sediments, the maximum concentration that can . _
be bullt up on the grains, and the eff ctiveness of clay and silt in - :
adsorbing and absorbing the contamination., As many as 5 ok 6 factors

may control the removal of the radioamctive materlals from ‘the waste | —
liquids, and the absence of any one of | these may easily prevent such
removal. Further work, both in the laboratory and in the fisld is
certainly vital, | |

Table Y also gives a rough indication of tho effectiveness of dry (or ’ o
reverse) wells, cribs and ftrenches. Wéll 231-W-150 plugge& after X _ '
only 260;000 gallons of waste had been|discharged into it, whereas

the No. l crib absorbed 7,100,000 galléns. The present 231 criba

(trenches) will presumably absorb congiderably greater amounts than the

erib. Other comparisona can not be ma&s because all other waste disposal

units are still in service, The effectiveness of a unit, and_the rate

at which 1t will absorb waste liquids are cbviously dirsctly related :

to the area of sediments directly exposed to the waste ligquids, through

which the_lliquids can percolate. For that reason the largér the area, _

the greater the effectivenses. Wells dre generally not satisfactory

Tor other than small amounts of waste ior the following reasons: T
1, They must be doep to be able to contaln even = modsrate amotn't of o
liquid, and therefore must penstrate much closer to the water table than

shallow, bubt larger, cribs. 2, Wellslperforatsd over a considerable. o
depth will be subject to the washing in of sand, silt and olay which . s
will rapidly reduce the effectivencss ¢f the unlt 3. The ares of . .- -
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sediments exposed to the molutions islextremely small ccmpared to thg -

area exposed in a crib, 4, Contamindtion is much harder to trace | .

and delimit in a deep well area than in a shallow crib arsa. . -
| I

GONCﬁUSIONS :, R

Results obtained from the drilling program to date have far exneedei ,
expectations, The method of drilling has proved adsquate and satisfactory,

the information obtained has damonstrated that underground weste disposal |
ig feasible, and the conclusions reaohed have encouraged the further ax- e
pansion and development of the program. S

FUTURE DEVELOPMENT : : R
l | i ) —
Future develomment of the waste dispo?al prografi rests on two main pyoblems.
The first of these is the behavior of |the waste, products underground ag
they are discharged into the ground, ind their behavior with the passage
of time.. The pictures obtained to da%a are static, that 1s were obtained

at a gpecific time and do not show the changes that probably will oceur,
even without the discharge of more wastes. The wells drilled in the 241-T
ond cycle crib and tile field area wede drilled prior to the construgtion
of the ¢rib and tile field. These wells will be sampled pericdically
during the use of the crib with the casing sampler recently depigned:
end built, This sampler will obtain semples of ‘the sediments throtgh

the woell casing and will permit determination of the changing radio-
activity of the sedimente as the cribiis used. — |

The second problem is to determine the depth to and the direction of o
movement of the ground water throughout the area immediately surrounding -
the 200-West area, as part of the general ground water an& geologic studies
of the entire Hanford Works region. Soveral wells will be drilled to the .
north, to the west, and to the mouth ¢f the ared, to expand the geologic R
and ground water information already obtained in the 200-West area. . :
Some of these wells will be drilled té further explore the effect of, = T
the effluent water spreading on the gﬁound water table, and to explore T
the poseibility of discharging the efﬁluent and_sanitary water at a point
several miles from the area to elimingte imterference with the underground
wagte disposal in the 200-W area, I = ! : : :

i = |
Irilling-at the present time is being; concentrated in the 200-East a;ea,
where problems both simller to and unlike those in the 200-West area, have
been encountered, The desoription of |these problems, and the results
obtained from the investigation and dxilling will be described in a jater
report, on completion of the work in that area.ijExperimsnts to determine
the effettiveness of the sediments in |removing the radicactivity from the
waste solutions are also being carried on in conjunction wvith the drilling
progrem, . - :
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